Background: This study contributes to dialogue on quality versus quantity of life by examining years older persons can expect to live in various states of pain. Methods: Data from seven waves of the Health and Retirement Study; N = 26,896; age 55+. Estimations using the Interpolative Markov Chain approach apply probability transitions to multistate life table functions. Two estimates are interpreted: (i) population-based, which provide population averages aggregated across baseline states and (ii) status-based, which provide independent estimates by baseline state. Age-and sex-specific years with no pain, milder nonlimiting, and severe or limiting pain are reported as is percent of life in states of pain. Results: Females have higher life expectancy than males but similar expectations of pain-free life. Total life expectancy varies only slightly by baseline pain states but pain-free life expectancy varies greatly. For example, an 85-year-old female pain-free at baseline expects 7.04 more years, 5.28 being pain-free. An 85-year-old female with severe pain at baseline expects 6.42 years with only 2.66 pain-free. Percent of life with pain decreases by age for those pain-free at baseline and increases for those with pain at baseline. Conclusion: Pain is moderately associated with quantity of or total life but substantially and importantly associated with quality of or painfree life.
Recent years has seen a proliferation of pain research concentrated on older persons (1, 2) . This emerging field has been investigating a range of topics including how older persons experience and cope with pain, determinants of pain in old age, its underlying causes, pain management, pain as a risk factor for functional limitations, depression, mortality and other health outcomes, and the association between pain and dementia (3). Motivations for focusing pain studies specifically on older persons include a higher prevalence relative to younger age groups and clinical and theoretical differences in the ways in which pain is interpreted by and affects older versus younger persons. There are also broad demographic reasons for a rise in interest on aging and pain. Rapid population aging, defined as an increase in the number and proportion of populations that are in old age, is ongoing in every corner of the world (4) . Population aging is normally accompanied by increasing life expectancies and increasing numbers of older old, for instance age 85+. These changes are eliciting concerns about whether adding years to life means adding healthy and quality years (5, 6) . Pain is an important component of these concerns.
Broadly speaking, pain has long been implicated as a contributor to both quantity and quality of life (7) (8) (9) . Domains of life quality most impacted upon by pain are the related areas of physical functioning and disability (10) . Research has suggested that the prevalence of pain, while increasing with age through younger and middle adult ages, may plateau in early old age (11) . Other research has indicated that an inverse association between pain and physical functioning strengthens with advancing age, making the connection between pain and quality of life particularly relevant for older persons (12) . Global Burden of Disease data has indicated musculoskeletal disorders and low back pain to be among the greatest contributors to years lost to disability worldwide (13) . Sex differences in this link exist. Agespecific prevalence of musculoskeletal pain, specifically as a result of osteoarthritis, a condition very prevalent among older persons, is substantially higher among females (14, 15) . In sum, despite variation by age and sex, pain is a consistent factor affecting disability among older persons and is implicated in onset, progression, and recovery of physical mobility restrictions, and in turn quality of life.
The current study contributes to the dialogue on quality versus quantity of life by examining years of life that older persons can expect to live in pain. The demographic practice of estimating life expectancy across states of health has been effective for estimating levels and trends in disability-free life across populations (16, 17) . The study uses a multistate life-table approach to estimate years lived across states of pain by age and sex for the U.S. population aged 55+. The approach applies transition probabilities, which are probabilities of changing health states over a time period, to lifetables. The technique is particularly useful when longitudinal panel data can be employed to assess transitions across conditions characterized by frequent movements into and out of health states since such conditions will be commonly experienced at some point in life. Pain is one such condition (18) (19) (20) . In addition to moving into and out of pain, recovery and movement into and out of more and less severe states is usual (18, 21) . Consequently, pain is a common experience for older persons; onset, progression, and recovery are common; the majority will experience pain at some time; and, estimates of pain expectancy, absent from the aging and pain literature thus far, are useful for assessing impact of pain on population health.
Methods

Data
Data are from 2000 to 2012 waves of the Health and Retirement Study (HRS). HRS is a national longitudinal panel survey conducted every 2 years. In 2000, when the sample was 53 and older, HRS began following up individuals in nursing homes. We employ the 55+ population since each biennial sample from 2000, when weighted, is representative of the total U.S. population in that age group. The sample consists of 17,382 persons aged 55 or older in 2000 plus 9,514 who were part of the 2004 or 2010 add-on or were aged-in, that is, were younger than 55 in 2000 or when first interviewed but turned 55 for a subsequent wave (total N = 26,896). HRS response rates are close to 90%. Documentation can be found on the HRS website (22) . The HRS is a good data source for investigating pain expectancy for several reasons, notably: it is generalizable; it documents dates of death matched to the National Death Index; and, it consists of identical pain items across waves.
Measures
Three survey questions about pain are used. The first asked whether respondents are "often troubled with pain." If yes, they were asked: "how bad is the pain most of the time: mild, moderate or severe?" and "does the pain make it difficult for you to do normal activity?" From 2000 to 2012, 33.3% report being troubled by pain. Of those troubled, 24.0% report their pain is severe, and 45.0% report their pain makes it difficult to conduct normal activities. We derive a three-category outcome with the following attributes: no pain, pain that is mild/moderate and does not limit activity (referred to as milder pain), and pain that is severe or limits activity (referred to as severe pain).
Dates of death are recorded in HRS "tracker files" (23) . Month and year were taken during "exit" interviews conducted with next of kin. Dates are matched to the National Death Index. For about 6% with missing dates of death, a date is imputed (24) . To examine reliability of mortality in HRS, we compared life expectancy using HRS data, measured between 2000 and 2012, with U.S. life expectancy in 2005 published by the CDC (25) . Our data map almost precisely to the CDC report.
Analytical Strategy
Multistate life-table estimations of total, pain, and pain-free life expectancy, with pain divided into milder nonlimiting and severe or limiting, are conducted using the Interpolative Markov Chain (IMaCh) approach (26, 27) . IMaCh is frequently employed to examine life and healthy life expectancy across populations, to investigate population level impacts of disability risk factors, and to assess population health changes over time (16, (28) (29) (30) (31) . IMaCh produces "population-based" estimates, which aggregates total population across baseline states providing average population expectancies, and "status-based," which provide independent estimates by baseline state.
IMaCh estimation involves several steps: (i) Multinomial logistic regression derives parameters for health transition log odds. We included age and sex as covariates and tested interactions between age and sex. At baseline, a subject belongs to one of three states: no pain, milder, or severe. From each state, there are four possible transitions: retention of same state, improvement (eg, milder to no pain), deterioration (eg, milder to severe), or death. One equation is estimated for each baseline state. (ii) Parameters are translated into age-and sex-specific transition probabilities. (iii) Transition probabilities are inputted into multistate life-table functions (32) . The result is person years lived in states of pain by age and sex and total life expectancy. Two types of results are shown below: number of years with no, milder, or severe pain, with the sum being total life expectancy, and percent of remaining life expected in pain states. Table 1 shows distributions for age and sex at baseline according to pain at baseline. Those with pain are more likely to be female although there is little variation in mean age across baseline pain states. Table 2 displays population-based estimates for males and females for ages 55, 65, 75, and 85 with 95% confidence intervals (CIs). A 55-year-old male has a life expectancy of 24.7 years (95% CI: 24.3-25.0); 17.3 years (95% CI: 17.0-17.6) are pain-free; 2.8 (95% CI: 2.7-3.0) are with milder pain; and 4.5 (95% CI: 4.3-4.7) are with severe pain. Females at age 55 have a higher life expectancy at 27.4 (95% CI: 27.0-27.7) years, but almost the same expectation for pain-free years. This means extra years of life for females at age 55 are years with pain. Females at age 85 live more years than males in all three states. Figure 1A and B shows percent of remaining life in different pain states across ages 55-90. Shades indicate percent of remaining life with milder and with severe pain. The height of the two indicates total percent of life expected with pain. About the same percent is lived with and without pain, with milder pain, and with severe pain, across ages. There is, however, sex variation. While both males and females, at any age, expect around 11% of remaining life to be with milder pain, for severe pain, it is 18% for males compared to 25% for females. In total, males aged 55-90 live 29% of remaining life with pain and about 71% pain-free compared to about 36% and 64% for females. Table 3 shows that total life expectancy varies only slightly across baseline states. For instance, males at age 55 that are pain-free at baseline have a life expectancy of 24.9 (95% CI: 24.6-25.3) compared to 24.6 (95% CI: 24.3-25.0) for those with milder pain and 23.6 (95% CI: 23.2-24.0) for those with severe pain. As such, a 55-year-old male that has severe pain at baseline will live on average 1.3 fewer years, or about 5% fewer, than a similarly aged male pain-free at baseline. Similar to males, life expectancy for females does not vary much across baseline states. An 85-year-old female pain-free can expect 7.0 (95% CI: 6.9-7.2) years compared to 7.0 (95% CI: 6.7-7.2) for a similarly aged female with milder pain and 6.4 (95% CI: 6.2-6.6) if she has severe pain. The 85-year-old female with severe pain therefore lives 0.6 fewer total years, or about 9% fewer, than a similarly aged female that is pain-free.
Results
Population-Based Estimates
Status-Based Estimates
In contrast to total life, life expected with and without pain varies greatly across baseline state (Table 3) . For instance, pain-free expectancy for a 55-year-old male is 18.5 (95% CI: 18.2-18.8) if he is pain-free at baseline, 15.8 (95% CI: 15.5-16.1) if he has milder pain at baseline, and 14.0 (95% CI: 13.6-14.2) if he has severe pain. Therefore, the 55-year-old pain-free male lives 4.5 more pain-free years, or about 24% more, than his 55-year-old counterpart with severe pain. Differences in pain-free years are more dramatic in older ages. An 85-year-old female pain-free at baseline can expect 5.3 (95% CI: 5.1-5.4) pain-free years, but only 2.7 (95% CI: 2.5-2.8) if she has severe pain at baseline. Further, the 85-year-old female painfree at baseline can expect 1.2 (95% CI: 1.1-1.3) years of life with severe pain, but 3.1 (95% CI: 3.0-3.2) severe pain years if she has severe pain at baseline. Said differently, the 85-year-old female with severe pain lives 1.9 more years with severe pain, or about 160% more, than her counterpart pain-free at baseline. Figure 1C -H translates status-based results into percent of life in states of pain. Variations by age are substantial and differ considerably across baseline states. For those pain-free at baseline, the percent of remaining life with either milder or more severe pain decreases with age. For instance, a 55-year-old male pain-free at baseline can expect 26% of remaining life with pain, while a 90-year-old painfree male can expect only 17% with pain. The percentages for a 55-year-old female are 32% at age 55 and 23% at age 90. But, the percent with pain increases with age among those with pain at baseline. The increase, and whether it is with milder or severe pain, depends on baseline state. With milder pain at baseline, the percent of life with milder pain increases with age, for males and females, while the percent with severe pain remains fairly stable. In comparison, for those with severe pain, the percent with severe pain increases with age while the percent with milder pain remains stable. The increase in percent of life with severe pain is particularly sharp for those in this state at baseline. For males, the percent of remaining life with severe pain increases from 29% to 53% between ages 55 and 90. For females, the increase is from 36% to 53%. Note that while 55-year-old females with severe pain live a greater proportion of life with severe pain than do men, by very old ages, the percentages are similar.
Discussion
In this study, multistate life-tables were used to estimate pain-free life expectancy and expectancy with milder and severe pain among Americans aged 55+. A 55-year-old male can expect 24.7 years of life, of which 17.3 are pain-free, 2.8 are with milder, and 4.5 are with severe pain. A similarly aged female has greater longevity-27.4 years-but extra years are lived with pain-3.1 with milder and 7.0 with severe pain. Thus, while the pain-free life expectancy of males and females across ages is about equal, females live more years with pain, and with more severe pain. As males and females age, life expectancy decreases. But, proportion of life expected with pain does not change. These population-based findings are in line with previous literature indicating a plateau effect, or that pain prevalence remains stable throughout old age (1, 11, 33) . Status-based results divide the population into baseline states and reveal heterogeneity in pain burden. Baseline pain has little impact on total life expectancy. A 55-year-old female pain-free can expect only 1 more total year of life than her age counterpart with severe pain. In contrast, life expected to be lived pain-free and with severe pain is affected by baseline state. The 55-year-old female with severe pain lives 4½ fewer pain-free years and 3½ more severe pain years than her pain-free counterpart. By 90, the great majority of remaining years of life are lived pain-free for those without pain at baseline, but with severe pain for those with severe pain at baseline.
Because the association between age and remaining life with pain is inconsistent across baseline states, the often cited plateau effect is heterogeneous. The proportion of remaining life with milder or severe pain decreases with age if pain-free at baseline. The proportion with milder pain increases with age for those with milder pain at baseline, and the proportion with severe pain increases with age for those with severe pain at baseline. As one example, a 55-year-old female pain-free will live 22% of remaining life with severe pain compared to 36% for a similarly aged female with severe pain. By age 90, this percentage decreases to 15% for pain-free women but increases to 53% for women with severe pain. Thus, a woman with severe pain has several disadvantages. She will live a greater proportion of her life with severe pain, and the older she gets the larger this proportion becomes.
The possible reasons for decreases in pain-free life expectancy among those with pain at baseline are many. Pain may be indicative of life-long lingering conditions. Common conditions that lead to pain are not always life threatening, such as osteoarthritis. At the same time, pain itself can have adverse effects that can lead to continuing pain and comorbidity. Research has indicated pain sensitivity itself can set in motion inflammatory responses that themselves result in pain (34) . Future research should extend upon our findings to explore causes and consequences of the association between baseline pain and pain-free life expectancy.
Limitations of this study include challenges involved in interpreting self-assessments of pain across some demographic subgroups. It is difficult to assess pain among those experiencing sensory deficits and/or cognitive impairments. To be generalizable to the entire population, the current study included those living in nursing homes. However, institutionalized may be vulnerable to dementia, which can affect pain reporting (35) . Males, females, and different racial and ethnic groups report pain differently (36) . Medical interventions can affect the experience of pain. Given the increase in polypharmacy among older persons (37) , the interaction between medication use and reported pain should be examined in future research. Still, self-report remains the most common way to assess pain presence and prevalence in research.
In conclusion, this study suggested that while pain is only moderately associated with quantity of life, it is more substantially and importantly associated with quality of life. In some ways, this result stands in contrast to studies that have linked pain to mortality (8) . In our study, pain is shown to relate to lower life expectancy, but only slightly so. Rather, pain relates more robustly to pain-free life expectancy such that, in a sense, pain begets pain. Those with pain are destined to spend a large percentage of their remaining lives with pain and of those years, a large percentage with severe pain. Therefore, while our study does not specifically show transitions into and out of pain states, the findings suggest that recovery, particularly long-term, from severe pain is infrequent. This has implications for pain coping strategies among older persons. Clearly, while primary prevention of pain is important, our study infers that pain management is also essential for the maintenance of quality of life (38) .
Further, these findings have implications on a societal level. A common discourse in the aging literature is whether added years of life are bringing with them added years of life quality. The term compression of morbidity is often used to describe the notion that increasing lifespan and reductions in life expected with disability are associated (39) . The compression of morbidity debate has not considered life expected with and without pain. The debate would benefit from first better situating pain within the disablement process, and second, better elucidating the association between pain and disability in old age. This study suggests a compression may depend upon reducing the proportion of population that begins old age with pain.
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